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(57) Abstract: Non-symmetrical 
ligands of formula ©; bis-arylim- 
inepyridine MX„ complexes 
comprising a non-symmetrical 
ligand of formula (T), wherein 
M is a metal selected from Fe 
or Co, n is 2 or 3, and X is 
haJide, optionally substituted 
hydrocarbyl, alkoxide, amide, or 
hydride; [bis -aryliminepyri dine 
MY p .Ln+][NC-] q complexes, 
comprising a non-symmetrical 
ligand of formula ©, wherein Y 
is a ligand which may insert an 
olefin, M is Fe or Co, NC is a 
non-coordinating anion and p+q is 

2 or 3, matching the formal oxidation of the metal atom M, L is a neutral Lewis donor molecule and n= 0, 1, or 2; and processes for 
the production of alpha-olefins from ethylene, using said complexes. 




NON- SYMMETRICAL LIGANDS AND CATALYST SYSTEMS THEREOF FOR 
ETHYLENE OLIGOMER I SAT I ON TO LINEAR ALPHA OLEFINS 



The present invention relates to non-symmetrical 
ligands, various non-symmetrical catalyst precursors and 
catalyst systems derived from these ligands for ethylene 
oligomerisation to linear alpha olefins in high yield and 
very high selectivity, and a process for preparing said 
linear alpha olefins. 

Various processes are known for the production of 
higher linear alpha olefins (for example D. Vogt, 
Oligomerisation of ethylene to higher a-olefins in 
Applied Homogeneous Catalysis with Organometallic 
Compounds Ed. B. Cornils, W.A. Herrmann Vol. 1, Ch. 
2.3.1.3, page 245, VCH 1996). These commercial processes 
afford either a Poisson or Schulz-Flory oligomer product 
distribution. In order to obtain a Poisson distribution, 
no chain termination must take place during 
oligomerisation. However, in contrast, in a Schulz-Flory 
process, chain termination does occur and is independent 
from chain length. The Ni -catalysed ethylene 
oligomerisation step of the Shell Higher Olefins Process 
(SHOP) is a typical example of a Schulz-Flory process. 

In a Schulz-Flory process, a wide range of oligomers 
are typically made in which the fraction of each olefin 
can be determined by calculation on the basis of the so- 
called K- factor. The K- factor, which is indicative of 
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the relative proportions of the product olefins, is the 
molar ratio of [C n+2 3/[C n ] calculated from the slope of 

the graph of log [C n mol%] versus n, where n is the 

number of carbon atoms in a particular product olefin. 
5 The K- factor is by definition the same for each n. By 
ligand variation and adjustment of reaction parameters, 
the K-f actor can be adjusted to higher or lower values. 
In this way, the process can be operated to produce a 
product slate with an optimised economic benefit. Since 

10 demand for the C 6 -C 18 fraction is much higher than for 

the C >2 q fraction, processes are geared to produce the 

lower carbon number olefins. However, the formation of 
the higher carbon number olefins is inevitable, and, 
without further processing, the formation of these 
15 products is detrimental to the profitability of the 
process. To reduce the negative impact of the higher 

carbon number olefins and of the low value C 4 fraction, 

additional technology has been developed to reprocess 
these streams and convert them into more valuable 

20 chemicals such as internal C 6 -C 18 olefins, as is 

practised in the Shell Higher Olefins Process. However, 
this technology is expensive both from an investment and 
operational point of view and consequently adds 
additional cost. Therefore considerable effort is 
25 directed to keep the production of the higher carbon 

numbered olefins to the absolute minimum, i.e. not more 
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than inherently associated with the Schulz-Flory K- 
f actor . 

In WO-A-99/02472 are disclosed novel Fe-based 
ethylene oligomerisation catalysts that show high 
5 activity and high selectivity towards linear alpha 

olefins. The catalysts are based on iron complexes of a 
selected 2 , 6-pyridinedicarboxaldehyde bisimine or a 
selected 2 , 6-diacylpyridine bisimine. In the present 
invention the term "bis- (aryliminoalkyl) pyridine" , or in 

10 short, "bis-aryliminepyridine" is used to describe both 
classes of ligands. In WO-A-99/02472, the oligomer 
product distribution made with these catalysts is not 
specified any further, but is implied to be Schulz-Flory 
in view of the definition, the use, and the determination 

15 of the Schulz-Flory K-f actor. In other publications, 
such as A.M. A. Bennett Chemtech 1999 July, page 24-28; 
and references mentioned therein, the product composition 
was stated to obey a Schulz-Flory distribution. The 
accompanying experimental data in WO-A-99/02472, however, 

20 shows that these catalysts afford a product slate with a 
surprisingly large amount of heavy products. Elaborate 
experimenting and analyses in our laboratories confirm 
that the disclosed oligomerisation catalysts afford a 
product composition which, in comparison with a Schulz- 

25 Flory distribution, contains indeed significantly more 
heavy products than expected. 

Indeed, Table 1 on page 30 of WO-A-99/02472 gives an 
overview of ethylene oligomerisation experiments 
catalysed by four different iron complexes (X - XIII) . 

30 Experiment numbers 16 and 17 of this Table, in which iron 
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complex XI is being used at ethylene pressure of 1.4 MPa 
(gauge) or 1 . 5 MPa (15 bar (a)) and 2.8 MPa (gauge) or 2 . 9 
MPa (29 bar(a)) respectively, both give rise to a Schulz- 
Flory K- factor of 0.79, as derived from the C 16 /C 14 

5 ratio. If it is assumed that a perfect Schulz-Flory 
distribution is obtained in these experiments, i.e. 

c n+2/ c n = K = 0.79, it can be calculated that the 

c 30 " c 100 fraction is 15%wt and the C 20 - C 28 fraction is 

21%wt on total product. If it is further assumed that the 

10 solids mentioned in Table 1 contain the C 20 - C 100 

fraction then this should amount to 36%wt on total 
product. This should be considered as a maximum solids 
content since at least the major part of the lowest 
ethylene oligomers in this fraction remain dissolved in 

15 the toluene-solution of the C 4 - C 18 fraction. In 

Experiment numbers 16 and 17 of Table 1, however, the 
amount of solids isolated are 14.1 g and 18.0 g, which 
may be calculated as a solids content of 45%wt and 58%wt 
on total product, respectively. 
20 Similarly for a K-f actor of 0.81 it can be calculated 

that the C 20 - C 28 fraction and the C 30 - C 100 fraction 

are 22%wt and 20%wt on total product, respectively, or 
maximally 42%wt for the solids content. For Experiment 
number 18 in Table 1, also using iron complex XI, but now 
25 at pressure of 0 MPa (gauge) , i.e. 0.1 MPa (1 bar(a)), 
the amounts of solids isolated are 2.7 g , which may be 
calculated as a solids content of 54%wt on total product. 
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* The distributions obtained in Experiment numbers 

16 - 18 in Table 1 of WO-A-99/02472 clearly indicate that 
larger quantities of higher carbon number products, i.e. 

solids (>C 20 )/ are produced than would be expected on the 

5 basis of the Schulz-Flory K-factor. 

In view of the detrimental effect of excess of heavy 
ends on the economics of the technology, we have further 
explored such systems to improve the product 
distribution, and have now surprisingly found new 
10 catalyst systems which not only afford a Schulz-Flory 
product distribution, but which also show an improved 
selectivity and activity over the previously disclosed 
catalysts. 

The present invention provides a non-symmetrical bis- 
15 aryliminepyridine ligand of formula (1) , wherein R1-R5 

and R 7 -R 9 and Ri2* R i4 are each, independently, hydrogen, 
optionally substituted hydrocarbyl, an inert functional 
group, or any two of R!-R 3 , R7-R9 and R 12 -Ri4 vicinal to 

one another taken together may form a ring, and R 6 .is 
20 hydrogen, optionally substituted hydrocarbyl, an inert 

functional group, or taken together with R 7 or R 4 to form 

a ring, R 10 is hydrogen, optionally substituted 
hydrocarbyl, an inert functional group, or taken together 
with R 9 or R 4 to form a ring, and R 11# and R 15 are, 
25 independently, hydrogen or an inert functional group. 
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The present invention further provides a bis- 
aryliminepyridine MX n complex comprising a non- 

5 symmetrical ligand of formula (I) , wherein M is a metal 
atom selected from Fe or Co, n is 2 or 3, and X is 
halide, optionally substituted hydrocarbyl, alkoxide, 
amide, or hydride. 

In a further aspect, the present invention provides a 
10 process for the production of alpha-olef ins , which 

comprises contacting one or more MX n complexes of the 

present invention with ethylene and a second compound 
which is capable of transferring an optionally 
substituted hydrocarbyl or hydride group to a metal atom 
15 selected from Fe or Co, and which is also capable of 

abstracting an X group from said metal atom, at a 

temperature in the range of -100°C to +3 00°C. 

In a still further aspect, the present invention 
provides a process for the production of alpha-olef ins, 

20 which comprises contacting one or more MX n complexes of 
the present invention with ethylene and a second compound 
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which is capable of transferring an optionally- 
substituted hydrocarbyl or hydride group to a metal atom 
M selected from Fe or Co, and a third compound which is 

capable of abstracting an X group from said metal atom, 

5 at a temperature in the range of -100°C to +300°C. 
The present invention further provides a 

[bis-aryliminepyridine MY p .L n + ] [NC ] q complex comprising 

a non- symmetrical ligand of formula (X) , wherein Y is a 
ligand which may insert an olefin; M is a metal atom 

10 selected from Fe or Co, NC is a non-coordinating anion 

and p+q is 2 or 3, matching the formal oxidation of said 
metal atom; L is a neutral Lewis donor molecule and 
n = 0, 1, or 2. 

The present invention further provides a process for 
15 the production of alpha-olef ins , comprising contacting 

one or more [bis-aryliminepyridine MY p .L n + ] [NC"] q 

complexes of the present invention with ethylene at a 
temperature in the range of -100°C to +300°C. 

In the present invention certain terms are used as 
20 follows: 

The term "non-symmetrical" is used in relation to the 
four ortho-positions of the two aryl-imino groups and 
defines these as such that neither the substitution 
pattern nor the substituents themselves afford two 
25 equally ortho -substituted aryl-imino groups. 

Hydrocarbyl group: a group containing only carbon and 
hydrogen. Unless otherwise stated, the number of carbon 
atoms is preferably between 1 and 30. 
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In the present invention, the phrase "optionally 
substituted hydrocarbyl" is used to describe hydrocarbyl 
groups optionally containing one or more "inert" 
heteroatom- containing functional groups. By "inert" is 
5 meant that the functional groups do not interfere to any 
substantial degree with the oligomerisation process. Non- 
limiting examples of such inert groups are fluoride, 
chloride, silanes, stannanes, ethers and amines with 
adequate steric shielding, all well-known to those 

10 skilled in the art. 

Inert functional group: a group other than optionally 
substituted hydrocarbyl which is inert under the process 
conditions. By "inert" is meant that the functional group 
does not interfere to any substantial degree with the 

15 oligomerisation process. Examples of inert functional 
groups include halide, ethers, silanes, siloxanes, and 
amines, in particular tertiary amines. 

Primary carbon atom group: a -CH 2 — R group wherein R 

may be hydrogen, optionally substituted hydrocarbyl, 
20 inert functional group. Examples of primary carbon atom 

groups include -CH 3 , -C 2 H 5 , -CH 2 C1, -CH 2 OCH 3 , 
-CH 2 N(C 2 H 5 ) 2 , -CH 2 Ph. 

Secondary carbon atom group: a -CH— R 2 group wherein R 

may be optionally substituted hydrocarbyl, inert 
25 functional group. Examples of secondary carbon atom 

groups include -CH(CH 3 ) 2 , -CHC1 2 , -CHPh 2 , -CH=CH 2 , 

cyclohexyl . 
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Tertiary carbon atom group: a -C— R 3 group wherein R 

may be optionally substituted hydrocarbyl , inert 
functional group. Examples of tertiary carbon atom groups 

include -C(CH 3 ) 3 , -CCl 3 , -OCPh, 1-Adamantyl, 

5 -C(CH 3 ) 2 (OCH 3 ) . 

By a "ligand which may insert an olefin" is meant a 
ligand which is coordinated to a metal ion into which 
bond an ethylene molecule may be inserted to initiate or 
propagate an oligomerisation reaction. In 

10 [bis-aryliminepyridine MY p .L n + ] [NC ] q complexes according 

to the present invention, Y may be hydride, alkyl or any 
other anionic ligand which may insert an olefin. 

By "non-coordinating anion" is meant an anion which 
does not substantially coordinate to the metal atom M. 
15 Non-coordinating anions (NC) that may be suitably 
employed include bulky anions such as tetrakis [3,5- 

bis (trif luoromethyl) phenyl] borate (BAF ), (C 6 F 5 ) 4 B~, and 
anions of alkylaluminium compounds including R 3 AlX , 

R 2 AlClX~, RA1C1 2 X~, and "RAlOX~", wherein R is hydrogen, 

20 optionally substituted hydrocarbyl or an inert functional 
group, and X is halide, alkoxide or oxygen. 

It will be appreciated by those skilled in the art 
that within the boundary conditions herein before 

described, substituents R1-R15 may be readily selected to 

25 optimize the performance of the catalyst system and its 
economical application. 
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sent invention provide, non-sym-tnoal 
The present in (i) wherein 

bls .eryliminepyridine Uganda o£ 

j o are each, independently, 

R ,_ R _ and R7-R9 and 12 *" < n „ rt 
tionally substituted hydrocarbyl. an mart 
hydrogen, optionally ^ ^ ^ 

, functional group. « any 

is an inert .notional 9 rou P or an optionally 
substituted bydrooarbyl, and Rl „. ^ - - «~ 
„ independently, bydrogen or balide,- or ^ 

■««v or secondary carbon .to- group, 
groU p or a primary or ^ ^ carbon 

vid ed that R 6 and R 10 

, o are independently, hydrogen 
at om group and R xl and R 15 are, 

„ or halide; or ^ ^ lp . 

c) Re is taken together with R 7 

6 , n inert functional group, or 

■ a ™ carbon atom group, an inert 
primary indep e„dently, bydrogen or 

hydrogen and R ia and R 15 



halide; or 

„ R are taken together with R 7 and R 9 
20 d) R 6 and Rl ° 
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. , • „ of for example, R 6 wlth 
structures include the UnKmg of, 

„. C o form the — SkeletOT ° r 3 

tetrahydronaphthyl unit- ^ appreciated by an y 
Furthermore rt prin ciples of 

5 pe rson who has varla tions of 

B , R , - — « q£ ^ pr „ 

e „ other in non . pol ar 

aerials in their ^ee ^ _ ^ 

Preferred embedments C .„ which th e 

it) and derivatives thereoi, 
according to (I) ana 
following R groups appear: 
,, B ,. R , are hydrogen,- and/or 

thyl hydrogen or phenyl, Preferably 
r, and R 5 are methyl, hya 

.^..and/or 

combinations of or 

20 linked to R 7 to to 

tertiary-butyl; ««. *»' and * 15 
propyl or tertrary 
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a p are, independently, 
preferably methyl,- Rll and R 15 are . . 

C i ~,~Me or chloride, 
hydrogen, fluor.de ^ 

le is particularly preferred that R„ 

independently, hydrogen or crical xigand 

5 Xn a preferred embodrment, a no - 

o{ £o »u .1. i= p"—' % 3 

nd R n are methyl i R„ B9. R U' Rl2 ' * 14 

„H r„ is tertiary-butyl. 
and Rl5 are hydrogen; and R 13 

h r preferred embodiment provides a non- 

^ " Tgand of formula O) . -rein R.-3 - 
10 S ymmetr a cal 1* R7 , Ro , Rll , 

hydrogen; R 4> m ethoxy. 

«rt Rn* are hydrogen; and R i3 
R 12 , Rl4 and R l 5 Dro vides a non- 

„ er preferred embodiment provi 
yet another pret herein Ri-3 are 

• 1 i iaand of formula (X) « 
sy.metr.cal Ugand ^ ^ ^ 

l5 hydrogen; R 4 ^S, R6 ^B and R 10 

R l2 , R l4 — » are hydrogen; and R l3 

trimethylsiloxy- t a n on- symmetrical 

In another preferred embodiment, 

i. Hi is provided, wherein Rl -R 3 
ligand of formula (1) x« P 

, R A are methyl; R 7 . R 9' R l 2 ' 

0 Rc Rc, Rfi and Rl ° 
20 hydrogen; R4. R 6« 8 

. - _ Hvdrcen; and R 1X is fl-rxde. 
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is 2 . in another preferred embodiment, metal atom M is Fe 

^ Co^ounds which are capable of transferrin, an 
optionally substituted hydrocarbyl or bydride group to 
5 iratol , and which are also capable of abstracts 
an x- group fro, metal atom M include alfcylaluminium 
pounds sucb as alfcylaluminoxane and al.ylalu.iniu™ 
hal ides. A preferred expound is 

Confounds wbicb are capable of transfers an 
,. ootionally substituted bydrocarbyl or bydride group to 
I a ol M include alKylaluminium compounds including 
I lk yl alu.ino.anes, alKyl lithium compounds. Grrgnards. 
alkyl tin and alkyl zinc compounds. 

compounds which are capable of abstracting an X 
15 grou p from metal atom H include strong neutral Lewis 

a ir R wherein Ar is a strong 
acids such as SbF 5 . BF 3 and Ar 3 B, where 

. „ _ w i aroup such as C 6 F 5 or 3,5- 
electron-withdrawing aryl grouy 

(CF 3 ) 2 C 6 H 3- 

X neutral Lewis donor molecule is a compound which 

•-.blv act as a Lewis base, such as ethers, amrnes, 
20 may suitably act as 

sulphides and organic nitriles. 

In the [biS -aryliminepyridine N^-O ™U 
according to the present invention, L may be a neutral 
Le wis donor molecule capable of being drsplaced by 
25 ethylene, or a vacant coordination site ^ 

Xn the ,bis-aryliminepyridine MY p .L n J VC ], complex 
according to the present invention, metal atom M is 
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p re f erably~ - - ^ ^ 

me tal atom may be 2 or 3^ together 

th e complex and P ^ isooctane . 

5 in a solvent such as ^ ^ 

The »ae ratxo of the ^ ^ 

optionally third compound is 

invention. system is usu ally 

Such a quanta of ^ so as to 

<„ the oligomer! sat ion react 10 
10 employed rn the preferably 10 

contain fro. to 10 9- — 

-7 . atom of metal atom M. in particular of Fe 
t0l ° 9 of ethylene to he reacted. 

ln) or , HI1 metal per mole of convenlen tly 
Th e oligomerisation reaction may ^ 
a ranqe of temperatures rro 
. 15 conducted over a range ^ ^ ^.^ and 

+3 00-C, preferably » the rang ^ ^ ^ ^ 
^e preferably in t he -g < » ^ convenl e„ tl y 

Th e oligomerisation react ^ ^ ^ ^ ^ ^ 
ca rried out at a pr-ur- ^ ^ ^ ^ ^ ^ 
20 bar (a)). — q g ^ ,„ to 50 bar.a.). 

end most ^ f «* M * ^ o£ tem perature and pressure 

;rr;rti^r diyst ^ - — - - 

used for a pa ^ coinpeting 

yi eld of oligomer,^ «* poly merisation can be 

25 reactions such as *"» l " t in the art . 

readily established ^ ^ ^ _ 

The conditrons of temp ^ ^ ^ R . 

preferably selected to yiel _ pre£ erably 
jector within the range of from 



PCT/EP01/01506 

in the ran 9 e of f«- ^ ^ present mention. 

the ran9 Li;: — « - — - hen a product 

polymerisation is 

Th e oligo-risation ^ ^ ga3 .x^id phase, 
che gas phase or J ■ ^ ^ product 

depending upon the volatility 

olefins. , arrie d out in the 

The oligo^isat- - be the 

carrier for the cyc loalkanes , and 

solvents include s „s that »a y he 

ar o„atic hydrocarbons include 

— >- aCCOrd b : en . toluene, and *ylene. 
15 „e«ne. Isooctane, hen ^ ^ ^ 

action ti.es o« f ^ accivicy o£ 

£ ound to he -» ble ; P bly carr ied out in the 

catalyst . The reaction is pr 

ab sence of air or ™^ be ca rried out in a 

ao The ^go-isation reac ^ ^ ^ ^ ^ ^ 

conventional fashion. ^ caCalyst 

ten* reactor, wherein ^ and 

= added continuously to 
precursors are added are 

r eactant, product, cataly , ^ separated 
,c .~noved from the stirred ^ fco the 
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„ for an appropriate time, product is 
being reacted for an app conventional 
separated fro. the reaction mrxture 

— ' "^1^1 time, the oligomerieation 

A£ " r 3 TaTerLnated by rapid venting of tne 
5 reaction can be catalyst system, 

atnyiene in order to ea ^ ^ lengCh o£ 

^ ll-n to: preferably * to 30 carbon 

£roro 4 to 100 ^ 20 carbon atoms. 

of the olefins. illus trated by the following 

The P-e, -nU. ^ the 

l5 Examples, which should not 9 

sCOP e of the invention in any^y. ^ 

^^^^ systems were 

All the operations with tn 

j n^troaen atmosphere. 
carried out under nitroge y) (ex 

0 (2 4 4-trimethylpentane, ^ * 
Isooctane 12,4.* nu rae, followed by 

H«e» »as dried by prolonged nxtrog 

content or 

passage over U molecular sieves (f» 

about 1 PPm) • (ex . Rld rich> was 

parous toluene (99 . P o£ 
dried over 4ft moiecular s.eves «» 

about 3 ppm) • d r a column 

EthY lene ,99.S* purity. ~ V*^ ^ 

-TTlT:ZZ.r and o.gen content to <1 
BASF) m order 
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• 1ine 4 - hydr oxyani 1 ine , 
4 _ M ethoxyanilme, oto . ilan . are 

hexamethyldisilazane and trim 

available from Aldrich. rharacteri sed by Gas 

stained were characceix 
The oligomers obtained olig0 mer 
u lrn m order to evaluate ox y 
5 chromatography (GO , ^ and the 

distribution using a HP 

Rowing c^^ic ^ = ^ £Um 

la ZZT«-*~ - - len9th 

th icKness - 0,S,.. sterna 

10 so . (by -lett —a ) • ^ tenperacure: ...c 

detection temperature: 325 C, 

£or 10 minucesi temperature progra - «t^ ^ 
,0.0-C/minute, Una! temperature- ^ 

i standard: n-hexylbenzene . Respo 
internal standa ^ ^_ ^ 

15 ch e even Unear ^ standar(J , 

Mlat i:u n a -ndard causation mixture. The 

— c olefins were obtained £ rom the ,C 

yields of the C 4 -C 30 ° leri 

y ^ t-he theoretical 

nalveie from which the K- factor and the t 

oUgomerisatxon 

M yield of C 4 -C 10 o olefms, i.e. 
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The relative amounts of the Unea ^ 
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25 am ongst all do d ecene ^ of « catalyst 

is used as a measure of the 
towards linear a-olefin formation. 
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(T O F) is meant the number of 
By turnover fre^ency T£ > ^ ^ ^ 

mo les of ethylene oligomerxsed per 

comp ound. ^ ^ temperat ure with a 

The NMR data were 
5 varian 300 and 400 MHz apparatus. 
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1 Preparation of 2,6-bis U 

■ „„UI1 chloride complex (X) 

rrs= =2. » - — — - 

10 wo-A-99/02472. (2 . e thylphenylimino) 
2 . preparation of 

■ «„rTTl chloride complex 12UJ 

•• - — " 

WO-A-99/02472. 6 _ trim ethylphenylimino) 
l5 3 . Preparation of 2-U v • 
ethyl! -6-acetylpyridine (1) 




20 



,, , g 44.8 »ol) (a- and 
2 , 6 - D iacatylpyridrna (7 9. ^ ^ ^ ^. cM 

,,,,6-tri^thylaniUne 5 . 74 ^ ^ ^ ^ ik 

„ ere ausolvec . in 4S0 ^ ^ p . toluenesulphoni c 

secular sreve and ^ ^ ^ mixture 

acid (0.2, -ol, ax- 3Qivent „ a3 

- " £1UXed ^ crystallisations £ ro. ethanol 
removed in vacuo. Several 
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,.«.«»•*> ea>. W 

V . 6 .S 9 J H.«H). 2 ."(s,3H.Me,, 2 . 2 , », 

,, „ 3H Me), I-" I s ' 6H ' MeK 

(S ' ' ! l-U,4,6-tri,nethylphenyli m in 0 , 

5 4 . Preparation of pyri dine (2) 

ethy l,-6-[l-(4-ter t -buty 1 pheny 11 >nrno,e t hyl)py 




i\ =r,r=i A-tert-butylaniline 
m 2 8 q, 10 mmol) and 4 cert 

(1 rrrJ; «-. — - — d in io : r 

Ald rich» were aaaeo. After s M for S y 
addi tfo„ of .ore 4* .ofecu.ar s.evea * ~ 
^ for 2h After filtration the soiven 

reI1UX I residue «. waa.ea wftn .etnano, a„a 
15 in vacuo. The %) o£ mixed 

834 

. M 2H ArH) / 2.42 (S, 3H. Me), 
o« ArH) 6.78 (d, 2H, Mm, 
6 . 89 (s, 2H. 2>00 (s , 6H , Me), 

20 2.29 (s, 3H, Me), 2.22 (.. 3H, 



1.34 (s, 9H, Bu) 
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. of 2 - [1 -(2.4.6-tri m ethylphenylim 1 no, 
5. Preparation ot « .thvll pyridine 

ethyl) -«- U- (4-tert-hutylphenyU.nino, ethyl] 

iron CID chloride complex, (2) 




In a n inert adhere a solution^ - g ^ 
(a 3.6 — 1) m 100 -a dichloronethane 
added to 420 mg FeCl 2 ^ 

.birred for one week. 
The mixture was stirrea iu 
dichloromethane. The ^ by £UtraClon 

10 The developed bine P""^ q£ iron compl ex 

and dried in vacuo, yield l.» 9 
a) 1 H -»M R .CISCOCOCI, hroad signals, ".3 
12 »j \ 2 0 7 (3H, Me) , 

_ h \ 27.o (ih, py-V ' 20 " 

u \ 11.1 (1H, Py- H tn> ' 2 '- U 

K o (2H ArH) « 14-3 (2H, ArH) , 1.2 
17 . 3 (6H, Me), 15-0 (2H. ArH), 

n Q (2H, o-ArH) , "32.1 U». 
2 6 (3H, MeC=N) , -17-9 ^ 2H ' 

MeC=N) * . , n (2 4 6-tritnethylpbenylimino) 

6 . Preparation of 2- [1- . ' idine , (A) 

ethyl] -6- 11- (2-fluorophenylxmxno) ethyllpy 
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(1) 



. . (i 10 9* 3.57 mmol) and 2-fluoroani line 

MOn Ts e 7 ^ > (el — ) — dissolved in 50 ml 

(398 1 solution, 4 A ^ sieves were 

of toluene. To thx rf mQre 

added. After standing for 20 hr * 

Secular sieves, the ^ ^e was warmed in 

ethanol (50 C) " Y and dried in 

0 after cooling at -20°C, was Altered 
° %) of mixed diimxne (1) • 

vi<=ld 300 mg (23 -s) OL 

vacuo. Yield 

H) 7 ,s, t . 1 H,P y -v.-'-- ArH, ' 6 - 93(dd ' 2H ' 

. , 2 „ «B). 2.41 <B, 3H, Me,, 2.2, (.. «. 
„ Me ,.2. 2 2< S , 3H. H.).2.0. (-. «• "•>■ 



5 -126.8 

, 9 ri . (2 ,4 , 6-trimethylphenylimxno) 
7. Preparatxon of 2-U (2* rhvllDyrieine irontHl 

ethyl! -6- 11- (2-fluorophenylimxno)ethyl]pyrxdx 

chloride complex, (5.) 
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(S) 



v, « a solution of 270 mg dumine 
In an inert atmosphere a ^ 
^ in 5 ml dichloromethane (ex. Aldr 
to. o 72 mmol) m => •"■»■ 

l4, ^ (ex Aldrich) in 20 ml 

o-, FeClo (0.67 mmol) (ex. 
_j to 87 mg Feuj-2 v 
5 aa stirred for 20 hours. 

„ anp T he mixture was stirre 
dichloromethane. Tn ^ ^ pre cipitate, 

Rdditi o„ o £ « ^^lUion and dried U vacuo, 
which was isolated by 

,si%) of iron complex • 
Yield 17B^ (*«> 

, 0 la-Wt (CD 2 C1 2 , broad signals, 

o u ^ 21.2 (1H, Py-Hp) ' 4 ' 5 
,1H. W-B.). 80 ' 4 UH ' Py - H » > ' 21 

rH , 2 4 5 (IB. o-«H», -38.1 OH, MeC-N) • 
(3H, MeC=N) , -24.3 

1 9 F -NMR (CD 2 C1 2 ) 6-95-0 

. of 2 . U -(2,4,6-trimethylphenylxm 1 no) 
8 . preparation of 2 l pyri dine (£) 

15 ethyl! -6- U- (4-methoxyphenylimino) ethyl! Py 
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10 



. ■ m 2 80 mg, 1 -1) and 4- me thoxy aniline (123 
Monoxmme (1, 280 mg, ^ ^ ^ 

„n were dissolved in 20 mx 
mg, 1 mmol) were a standing 

soluC ion 4a -Xecuxa, sie.es ~ ^ _ 

£or « aeys .t room temperature «- ^ 
mter ed ana the solvent was removed » vac 

„ « ss recrystallised from ethanol . Yield 
resldue W as recry (CDCl3 , SS.42 

„.„ of mixed d^mrne • ^ ^ 

»».••'« ^ 1H, ' 7 - 86 , (t ' 3H 2 4 ( . 3H1.2.2, - 
2H) , 6.8! (d. 2B). 3.82 (s, 3H) , 3.43 

M '' 2 - 22 3 ^:-r;"« im e thyl p h en y U mi no, 

9. Preparation of 2- U . idine irontll) 

ethyl) -6- 11- U-methoxyphenyUmmolethyllpyr 

chloride complex (1) 




I II 11 
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CI CI 

(2) 
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In an inert atmosphere a solution of 133 mg "i— «. 

^ in IS ml dichloromethane was added to 40 mg 
,.34-oH » IS - diohl0 romethane. The mixture 

FeCl2 ,0.31 mmol, » Rddicion 

... stirred at ambient temperature tor 
was stirrea , t which was 

5 ot 1Q ml hexene yielded a blue ^ „ 

isolated by centrifugal end dr.ed 
mg „„, of iron co,lex 2 - W <^ -ad 
sig nals>5 32.2 UH. Py-Hm..- <«• 

^...i «».*».»■. " i5 - 6 : 2 ;; R T; 6 • 

(2H. ArH), -31.6 (3H, MeC=N) 

10 . Preparation of 4-trimethylsiloxy-aniline ,« 

TO a 100-ml three-neCced flesK equipped wrth a 
JL stirring bar. dropping funnel, reflux condenser, 

.•^harae tube containing 4- 
» — counter and g as d c arge^ 

^1 - - wa/rapidly added drop-wise at room 

trimethylchlorosrlene a= the ^ ^ ^ 

20 miXCUr T S a : - htame very vigorous at 12,C. The 

noticeable at 50 end stained 

.emperature wes » - _ ^ , 

until 9 as evolution ceesed ^ 
then purified by distillation using a Vigreux 
25 .action distilling at SS»C and 2 mbar was 

(yield! (CCCI3.0S.SS (d-RB, 2H) . <- 

». 2H). 3.3S (s. 2H>. 0.21 (.. M ■ 
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, o fl-(2 4,6-trimethylphenyliminO 

(2.) 




10 



(a) 

n and 4-trimethylsiloxy- 
n l 4 q, 5 mmol) ana * 
Monoimxne (1, l- disS olved in 50 ml of 

toluene. To this soiu ^ ^ 

A£ter standi at room ^ ^ 

addi tion o t more moleeular sxe 

filtered and the solvent was remove 
wa s frltere of mechano i. 

product was washed vrth ? 
, 4 g (63%) o£ mixed diimine (2) • 

U>. °" <«' 1H> ' ^ 2 . 28 (s , 3„). 2." 

. ,~ «m . 0.27 (s. 9H) - 
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i --i^r, of 100 mg diimine (£» 

0.22 mmol) m 4 ml dxchio The mixt ure 

^ 3 ml dichloromethane . 
Fe cl 2 (0-20 mmol) m 3 ml Additio n 

, irr ed at ambient temperature for 20 hrs. A 
wa s stxrred precip itate, which was 

of 8 ml hexane yielded P ^ 35 

isolated by centrxfugation and drxed x 

comp ound «. thyisiioxy group is parti ally 

hyd rolysed purificati on in ethylene 

used without further purxr 
oligomerisation reactions. 

lc selective data) 5 81.6 
iH-HMR ■ ^oad Signals, 

„ „ , 20 5 OH, Me,, 15.2 UH, »H> . <«' 
(2H, Py-Hm ' 2U - 3 H eC.N), 
Me)|12 .5 (2H, ArH) , -0.6 OH, OSiM^),— 
_ 21 .X (2H, o-ArH),-30.5 (3H. MeC=N) 

13 . Methylaluminoxane (MAO) 4 . 9 7%wt) 

• /irt i%wt in toluene, lAU 
The MAO-solutxon (10.1%wt 

6X Witco GmbH, Bergkamen, Germany. 
used was ex. Wxtco ^ ^ _ 3A in 

14. Methylaluminoxane, modxfxea, 
heptane) 
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• h «tane (MMAO; [Al] = 6.42%wt) used in 
The MMAO-3A in heptane , 

.five) was purchased from Akzo-Nobel 
Example B (comparative) , was p 
Chemicals B.V., Amersfoort, The Netherlands. 

£atato - a ^~Z^ carried out under nitrogen 
5 Catalyst preparation 

•„ a Rraun MB 200-G dry box. 

in a Braun w ftvoically about 10 mg) was placed 

The iron complex (typically 

Hon vessel; the MAO-solution (4.0 g) . of the 
in a reaction vessej., 

• a orade was added and stirred for 2 
above mentioned grade, wa 

n,r a red solution. 
- - This yielded generally a rea so 
„ ml nutes. This yi md solution was 

hereafter tolu« . ( - y hereafteri part 

sti rred for another . oligomeri satio„ reaction 

o£ this solution was used in the g 

, .„ Table i for the amounts used) . In comp 

(see Table ^ ^ reacCor 

15 Example B the iron complex X! 

without pre-activation with M*0 or » 

Sli^Gae^^^^^ . carried out in a 1- 

Oligomerisation experiments were earned 

litre sLl autoclave equipped with ^et cool. • 
20 h eatin g /coolin 9 hath «ex. aulabo. mo 1 n ^ 

oH rrer and baffles, or in a simiia y 

turM To 5 — e ,as indicated " 

equipped 0 . 5 expe riment> . . In order to 

1 and the descrrp ti o ~ „ „ evacuaC ed 

" 7— ,0 ml toluene ,or -ctane, and .0 
,0 3 -l. 2 9 solution, and subsequent st^rrrng at SO C 
( . „ f o 4-0.5 MPa for 30 min. The 

under nitrogen pressure of 0.4 0 
r eactor contents were discharged v>a ta >n the 
,0 the autoclave. The reactor was evacuated to 0.4 
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, f h 250 ml toluene (or isooctane) . in the case of 
10 aded with 250 t ^ pres3urisea 

. ,-litre -cto, ana ^ ^ ^ _ ^ 

„ ith ethylene to * MPT- ^ ^ mo . solution 

^ LTuH-OU- reactor, was then added 

5 (typically 0.5 g £or 30 

to the reactor an ^ o£ solve nt 

minu tes (f or the 0^ -Utr ^ ^ ^ 

and MAO were halved) . ,, oarrib ed in Table 1, 

ascribed above and in an amount as described 

^ birred reactor using an 

• Addition of the catalyst 

toluene (or isooctane) . «> .,«.(:> 

in an exotherm (generally 5-20 C) , 
solution resulted in ^ £oUowed 

v. • v, reached a maximum within 1 minu 
which reached tempe rature indicated in 

15 by rapid establishment of the P 

ri-rsrr-, as ^e r: r 

misled in rapid deactivation of the catalyst^ 
After addition of n-hexylbenzene (0.5 3.5 g) 

i .tandard to the crude product the 
25 Aldrich) as internal standard 

* of C.-C,o olefin was determined by gas 
amount of c 4 ^-30 

Mrh the K-f actor was determined by 
chromatography, from which the 

• .nalvsis using the C 6 -C 28 data. From this 
regression analysis, u » 

-v^rvr^tical contents of C 30 -Cioo 
regression analysis, the theoretical 
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fa i e waxy solids, was calculated. These data 
components, i.e. w^y 

reported in Table 1- 

t o£ solids in the product was deternuned as 
The amount of solium 

follows The crude reaction product was centrrfuged 
follows. layer was 

5 ; 0 °rd 're 0 !:! ^r Listin, o £ solid olefins. 

and . — — - — — ;;;;;:;: er 

filtered off over a glass filter 
with 500 ml acetone and filtered o 

;l si t y P3) • - solid product .as dried for M hours 
10 at 70 *C at <lKPa, weighed and its <C 30 contents 
determined h y gas chromatography of a 

or a 1 2 4-trichlorobenzene solution of the solids. The 

.A in Table 1 are the isolated 
amounts of solids reported in Table 

solids having a carbon number >C 28 . 

a ~f t-bp linear 1-hexene amongst 
The relative amounts of the linear 

• a „d the relative amount of 1-dodecene 

all hexene isomers and the rel 
amongst all dodecene isomers were evaluated by 
analysis and are reported in Table 1. 

E^m^^J^^^ H . na . WO _ A _ 99 /02472) 

iron complex XI (prepared according to 
moloved in toluene in an experiment similar to 
was employed 99/02 472. The catalyst gave 

Exp eriment Number 16 of WO-A 99 /02 ^ 
an oligomerisation mixture having a K 
derived from regression analysis using the C 6 - C 28 

• a K\r rc C„ is left out of the 
25 contents, determined by GC. C 4 i 

i c iq since its volatility hinders 
regression analysis, since i 

reliable GC-.easure.ents. The details o £ Example A 

given inTahlel. ,ro™this K- factor a C 20 - C 28 fraction 
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o£ 19 . 7 *wt and a C 30 - C 100 fraction of .WW on total 
product can be calculated. The amount of solids >C 28 on 

o m 8%wt (the ethylene intake is 
, rt . al ethylene intake was 53.8%wt vc 

total ethy oligome risation product, 

assumed to be equal to cne 

- • ^. areatly from Schulz-Flory , giving 
distribution deviates greatly molec ular 
riS e to larger than expected amounts of higher 

„„ i e solid waxes. This deviation is 
weiqht compounds, i.e. =T , a i vs is 

r,- „ i in which the regression analysis 
also clear from Figure 1 m whi 

v.-^nv (for 12 observations R - o.s# 
10 is represented graphically (for 

and standard error = 0.07) . 
Exansple_3_i^n!par^£ivel 

according to WO-^/02472) »as - - ^ ~ 
15 wi th modified methylaluminoxane « -"J „ 
scavenger/co-catalyst and using a mode of 

/ describ ed in Experiment number 

addition similar to that aesc 
20 o£ Mo . A . 99 /02472. To that end 101 mg of a 

v, solution of complex XI O ™9> » dr ' 
di chloromethan sou i ^ ^ ^ 

20 aichioromethane 20. g ^ ^ ^ ^ q£ 

autoclave, loaded with 250 
HMD (see Table 1 for experimental details) 
Tea alyst addition gave rise to an oligomerisation 

a K factor of 0.834 (regression statistics 
mixture having a K- factor o 

h .„„ . R 12 = 0.98; standard error -0.05 for 12 
25 being . K fraction 
nervations) . From this K-factor a C 20 C 28 

o£ 23 .2Swt and a C 2 „ - C 10 0 faction of 28.8*wt on total 
pr oduct can be calculated. The amount of solids >C 28 
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isolated on total product was, however, «.2%*. This 

H Ls again that t h . aistribution aerates greatly 

• ,4„ a rise to larger than expected 
from Schulz-Flory, giving rise to 

high molecular weight compounds. 

5 B,^^^^ an experiment simila r to 

Using the iron complex X xn an 

. a f Table 1 of WO-A-99/02472, similar 

Experiment number 13 of Table 

observed (see comparative Example C m 
phenomena were observed l ,v avina a 

Lie 1 for details). The amount of solids (having 

10 carb on number > C 28 ) isolated was 11. 1%* on total 

product, whilst on the basis of the K-factor * 0.737 (as 

, rt p Co - C, B contents by regression 
derived from the Cg <-28 

■ip Cnnn fraction of 7.0%wt on total 
analysis) a C 30 c 100 1 

hoH Hence a clear deviation from 
has to be expected. Hence, 
product nas to u , er amount 

, 5 Sch ul Z -Flory distribution, giving rise to . large 

o£ high secular weight c«o- than calculatea. The 

r , . c contents, as given 
regression analysis using the C 6 c J8 

in Fi gure 2 also shows a clear aeviation rro* Schulz- 

«ory aistrihution at higher carbon numbers (for 

o2 - o 98 and standard error = 0.06) . 
20 observations R = an 

, «^ ? were carried out at an ethylene 
Experiments 1 and 2 were can 

- i 6 MPa i.e. 1.5 MPa (gauge), using the non- 
pressure of 1.6 MPa ^ accordance with 

symmetrical iron complex U) 
25 th e present invention, un d er conations ^ r o 

— — *- TrrrTe 

details are given m Table l. 

£or Kxperi.ents ! ana 2, using the C 6 - C 28 contents, 
shown for Experiment 1 in Figure 3, gives a nearly 
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. . „ „ er the whole range of 
per£ect schulr-Flory distrrbutron over t 

, „rt 2 respectively (for 12 observations E 
Experiments 1 and 2. respe 

. > 00 and standard error = 0.02 in both experiments, . 
, This is confined by tbe amounts o £ waxy solids >c 28 
, ota l product of 6.6 and 7.5%wt for 
^ It 1 1 2 P respectively, whereas tbe respective 

r,« - C-ino fractions on total 
factors 9 ive rrse to C 3 10^ ^ 

oli9 omerisation product of than 
- ^ ^ 2 (the£aCt TdTsTeTt:ir solubility in tbe 

rr^irfTbi^^rs,. 

Lb— - ' branched h exenes - 

hexene = O.o-swt, 



15 

0 .2%wt . 
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Wt ' Ka , fat ed that no deviation from 

» conclusion it may which translates 

sc bul,-nory distr^on ^ ^ products 

to tbe ~ ^ ( ^ ar a ive, examples A-C. -is bas 
in comparison with (comp nrocesS ing (less 

f more straightforward processing 
che advanta 9 e - * ^ ^ uork . up „ ain) 

clogg ina by sol d rn ^ J ^ 

and : :ri — *. «— « — 

weight oletms vi- , rarit .. aes t he non- 

w AC -i<tes these advantages, 

£e asible) . Moreover 

symmetrical >ron catalyst (see 
« r the catalyst according to WO A 99/ 
comparative Example C in Table 1) . 
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• • t-v (T O F) is at least on a par or 
!. the catalyst activity (T.O.FJ 

even higher. particularly that of 

2 the purity of the alpha olefins, P 
^odecene, is significantly higher. 

5 Esssrl*^ ^ , and 2 at a 

Experiment 3 is 
lo wer ethylene intake and using 0 
antoclave at ethylene ; P— - 
det ails are ment^ in * ^ ^ ^ 

10 analySiS ;r 2 F^ory distribution, having K-factor of 
perfect Schuls-Flory stat istics for 12 

0 . 727 and the following regressio 

. R 2 - 1.00 and standard error = 0.02. Th 

observations: " again confirmed by the 

Schul.-Flory distribution is ye ^ 

15 iso lated amount of waxy solids >C 28 , 

* ..vw. K- factor. A result of the 
th e amounts coated fro. the K £a= 
lower final alpha olefin -centrat on, 

v^aher l-dodecene purity ot »»• 
ha s an even hrgher ^ t and 2 , 

comparison with 98.1 an 
20 respectively. 



EXESEiI ^^ , the ethylene pressure »as raised 

In this Experiment, the ethy autoclave . The 

, 2 MPs again using a 0.5-litre steel autocla 
M 2.3 S9 4 again give s 

regt ession analysrs as ^ having . 

25 nearly perfect ^ „ 

K . £a ctor of 0.708 showxng the 

„2 - i 00 and standard error =0.02. 
observ atrons: ds isolated . which 

ls confirmed by the amount of solr 

.wlated from the K- factor, 
lower than the amounts calculated 
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Hence, Experiment 4 show, a lower K-factor than 
experiment 3. whereas its 1-dodecene purity is the same 
or even better (see Table 1) . In conclusion; by tuning 
the pressure, the K-factor. i.e. the oligomer 
5 distribution, and the product purity may be altered to 
what is required for economical operation. 

Experiment 5 is a repeat of Experiments 1 and 2 at 
iower ethylene intake and using a 1-litre steel autoclave 
10 at ethylene pressures of 1.6 MP., but now at a 

temperature of 70-C. Experimental details are mentioned 
in Table 1. Once again, regression analysis (see Figure 
5, using the C 6 - C 28 contents gives a nearly perfect 
Schulz-Flory distribution, having K-factor of 0.732 and 
„ the following regression statistics for 12 observations; 
R 2 - ! 00 and standard error . 0 . 02 . The Schuls-Flory 
distribution is yet again confirmed by the isolated 

* r „ which is lower than the 
amount of waxy solids >C 28 , which 

, * *-v^ v factor At this reaction 
amounts calculated from the K factor, a 

^ i hexene and the 1-dodecene purity were 
20 temperature the 1 -hexene 

99.5 and 97.7%wt, respectively. 

, on) . was carried out similarly to 
This experiment was canj.<=« 

Ex periment S in toluene at 70-c and an ethylene pressure 
25 of 1.6 MPa in a 1-litre steel autoclave and using >ron 
oomplex < S > , which is in accordance with the present 
invention. Experimental details are given in Table 1. 

r~ AA pi mire 6) using the C6 -C 28 
regression analysis (see Figure t>; 

nMrlv Der fect Schulz-Flory distribution 
contents gives a nearly perrecc 

30 over the whole range of oligomers, giving rise to a K- 
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(actor of 0.785 (for 12 observations. R- - l.» — 
standard error - 0.02). By comparison of the regression 
statistics with those of Comparative Example C. it is 
dear that Experiment 6 9 ives a nearly perfect Schulz- 
, F1 ory distribution. This is confirmed by the isolated 
amount of solids >C 2B relative to the amount calculated 
from the K-factor. The product shows a 1-hexene and 1- 
aodecene purity of 99.6 and 98.6%wt. respectively. The 
hexenes have the following composition-. 1-hexene - 99.6. 
10 ci s-2,hexene - 0.0, trans-2-hexene - 0.0, 3-hexenes - 
0.0, branched hexenes = 0.4%wt. 
Experijnerit_2 

*. ,,= <= carried out similarly to 
This experiment was carriea ^ 

Exp eriment 2 in toluene at 50»0 and at an ethylene 
„ pressure of 1.6 MP., but using iron complex ,2, and a - 
litre steel autoclave, which is in accordance with the 
present invention. Experimental details are given in 
Table 1. The regression analysis using the C 6 -C 28 
contents gives a neariy perfect Schult-Elory distribution 
over the whole range of oligomers, giving rise to a 
K-factor of 0.699 <for 12 observations, - 1-00 and 
standard error - 0. 01). By comparison of the regression 
statistics with those of Comparative Example c, it rs 
clear that Experiment 7 gives a nearly perfect Schulz- 
nory distribution. This is confirmed by the isolated 
amount of solids >C 28 relative to the amount calculated 
from the K-factor. The product shows a 1-hexene and 1- 
do oecene purity of 99.8 and 99.0*wt, respectively. The 
hexenes have the following composition: 1-hexene - 99.8, 
internal hexenes .0.1. branched hexenes - 0.1%wt. 



20 

K 
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4- carried out similarly to 

This experiment was carnea 

Experiment 7 in toluene at 50*C in a 1-litre steel 

autoclave, but using iron co^lex <U> and an ethylene 

5 pressure of 1.7 MPa. which is in accordance with the 

present invention. Experimental details are given in 

Table 1. The regression analysis using the C 6 -C 28 

■ = = nearly perfect Schulr-Flory distribution 
contents gives a nearly pen. 

over the whole range of oligomers, giving rise to a K- 
w factor of 0.726 (for 12 observations. * - LOO and 

standard error . 0.01, . By comparison of the regressron 
statistics with those of Comparative Example C. rt rs 
dear that Experiment 8 gives a nearly perfect Schulr- 
Piory distribution. This is confirmed by the isolated 
15 a TO u„t of solids >C 26 relative to the amount calculated 
from the K-factor. The product shows a 1-hexene and 1- 
dodecene purity of 99.8 and 98.8*wt, respectively. The 
hexenes have the following composition: 1-hexene - 99.8, 
internal hexenes - 0.1. branched hexenes - 0.2%wt. 

in conclusion, it may be stated that in the case of 
using a non-sym^trica! iron co^lex no deviation from 
Schulz-Flory distribution occurs, which is beneficial to 
the economics of the overall process, since in this case 
no additional amounts of solids, i.e. heavy wax, are 
25 being formed which need to be processed (which may rn 
itself be cumbersome due to clogging, etc. of the plant 
and/or its work-up train) by isomerisation and 
disproportionate with e.g. 2-butene to arrive at 
internal olefins in the economically attractive range 
30 (C8 . C28 , . Moreover, the catalyst activity of these new 
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catalysts is at least on a par with the state-of-the-art 
catalysts ana the purity o £ the X--U— U — »^ 
T Lse experiments prove the beneficial effects whrch 
can he achieved with the catalyst system of the presen 
mention. A s explained ahove, these i^P— - - 
maj or importance for the economic attractrveness of 

process . 

TABLE 1 



Example No. 



Iron Complex in Reactor 
(nmol) 

Reaction Time (min) 
Ethene Pressure 
MPa (bar (a) ) 
Ethene consumed 
(Total Product) (g) 

Isolated 
Product <C 3 q (g) 

isolated Solids >C 28 (g) 

Solids >C 28 on Ethene 
(%wt) 

C30-IOO on Total Produ 
(calc'd) (%wt) 
T.O.F (molC 2 =/ molFe*h) 
. K- factor 
1-C 6 = purity (%wt) 
1-C 12 = purity (%wt) 



EX. A 1 


:x.b U 


:x.c I 


1 , 2 

(comp) 


(comp) 


tcomo) 2 


113 


B9 : 


397 1 


112 


60 


118 


1.6 (16) 


1.5 (15) 


1.6 (16) 


47.2 


37.3 




14.1 


11.3 


288.2 1 


> 1 25-4 


25.4 


39.0 I 


53.8 


68.2 


1 11.1 


12.2 


26.8 


7.0 1 


7.98E+06 


1.49E+07 


1.62E+07 1 


0.774 


0.834 


0.737 1 


99 .5 


98.2 


99.1 1 


98.4 


97.7 


96.5 1 
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' TABLE 1 (cont'd) 



Example No. 


Ex.1 


Ex. 2 


Ex.3 1 


Ex.4 


Iron Complex in 
Reactor ( nmnl ) 


204 


209 


108 


85 


ivtrctu u luii lime \itiinj 


1 1 O 


Q R 


13 


16 


Ethene Pressure 
MPa (bar (a)) 


1 . 6 
(16) 


1 . 6 
(16) 


1 . 6 
(16) 


(23) 


Ethene consumed 
(Total Product) (g) 


352.2 


352.2 


48 .2 


47.8 


Isolated Product 


322.8 


310.7 


45.0 


41 .3 


<c 30 (g) 










Isolated Solids >C 28 

(g) 


23.4 


26.5 


1.0 


0.9 


Solids >C 28 on 
Ethene (%wt) 


6.6 


7.5 


2.1 


1.9 


c 30-100 on Total 
Product (calc'd) 
(%wt) 


8.2 


8.5 


6.0 


4.4 


T.O.F (molC 2 =/ 
molFe*h) 


2.10E+0 
7 


3.82E 
+ 07 


7.34E 


7.50E 

. A-7 
+ \J 1 


K- factor 


0.747 


0.749 


0.727 


0.708 


1-C 6 = purity (%wt) 


99.7 


99.7 


99. 7 


99.8 


1-C 12 = purity (%wt) 


98.1 


98.0 


98.6 


98.9 
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TABLE 1 (cont'd) 



Example No. 


Ex.5 4 


Ex. 6 4 


Ex. 7 


Ex. 8 


T rnn Comnlex in 

.A. ^» A A \a> ^ 1 1 tk/ X v> W All 


169 


274 


245 


281 


Reactor (nmol) 










Reaction Time (min) 


26 


56 


71 


90 


Ethene Pressure 


1.6 


1.6 


1.6 


1.7 


MPa (bar (a)) 


(16) 


(16) 


(16) 


(17) 


Ethene consumed 


136.3 


135.7 


70.4 


117.4 


(Total Product) (g) 










Isolated Product 


119 . 7 


112 . 5 


66 . 8 


103 . 1 


<c 30 (g) 










Isolated Solids >C 2 q 


c c 
o . b 


i c n 
±z> . / 


u . o 


o . o 


(g) 










Solids >C 2 b ° n 


4 . 1 


11.6 


1.2 


3.1 


Ethene (%wt) 










C 30-100 on Total 


6.5 


14 . 1 


3.8 


5.9 


"Pt^/^r^i i oh ( cpil h ' d^ 

IT 1- ULIUL- L» \J> J 










(%wt) 










T.O.F (molC 2 =7 
molFe*h) 


6 . 74E 
+ 07 


1 . 90E 
+ 07 


8 . 67E 
+06 


1 . 00E 
+ 07 


K- factor 


0.732 


0.785 


0.699 


0.726 


1-C 6 = purity (%wt) 


99.5 


99.6 


99.8 


99.8 


1-C 12 = P ur ity (%wt) 


97.7 


98.6 


99.0 


98.0 
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Experiments carried out at 50°C / at [Al]/[Fe] ratio of 
2500-6000 in toluene, using 1-litre steel autoclave, 
unless indicated otherwise. 
1 Carried out in 0.5-litre steel autoclave. 
5 2 Catalyst prepared according to WO-A- 99/02472 . 

3 Complex XI in dichloromethane (without pre-activation) 
added to MMAO/isooctane mixture at [Al]/[Fe] ratio of 
11500. 

4 Carried out at 70°C; ethene consumption derived from 
10 total product (C 4 - C 10 o olefins from regression 

analysis) . 



40 



WO 01/58874 



PCT/EP01/01506 



CLAIMS 

1. A non- symmetrical bis-aryliminepyridine ligand of 
formula (I) , 




5 wherein R1-R5 and R7-R9 and Ri2" R 14 are each, 
independently, hydrogen, optionally substituted 
hydrocarbyl, an inert functional group, or any two of 
R 1 -R 3 , R7-R9 and Ri2" R 14 vicinal to one another taken 

together may form a ring, and R 6 is hydrogen, optionally 

10 * substituted hydrocarbyl, an inert functional group, or 
taken together with R 7 or R4 to form a ring, R 10 is 
hydrogen, optionally substituted hydrocarbyl, an inert 
functional group, or taken together with R9 or R 4 to form 
a ring, and R 1X , and R 15 are, independently, hydrogen or 

15 an inert functional group. 

2. A non- symmetrical bis-aryliminepyridine ligand 
according to Claim 1, wherein Rg is an inert functional 
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group or an optionally substituted hydrocarbyl and Rio* 
R 11; and R15 are, independently, hydrogen or halide. 

3. A non- symmetrical bis-aryliminepyridine ligand 
according to Claim 1, wherein R 6 and RIO are each, 

5 independently, inert functional group or primary or 

secondary carbon atom group provided that Rg and Rio are 
not both a secondary carbon atom group, and R n and R 15 

are, independently, hydrogen or halide. 

4. A non- symmetrical bis-aryliminepyridine ligand 

10 according to Claim 1, wherein R 6 is taken together with 
R 7 to form a ring, and R]_q is a primary carbon atom 
group, an inert functional group, or hydrogen, and Rn 
and R 15 are, independently, hydrogen or halide. 

5. A non-symmetrical bis-aryliminepyridine ligand 
15 according to Claim 1, wherein Rg and Rio are taken 

together with R7 and R9 respectively to form rings, and 

Rn and R15 are, independently, hydrogen or halide. 

6. A bis-aryliminepyridine MX n complex comprising a 
non- symmetrical ligand according to any one of Claims 1- 

20 5, wherein M is a metal atom selected from Fe or Co, n is 
2 or 3, and X is halide, optionally substituted 
hydrocarbyl, alkoxide, amide, or hydride. 

7. A [bis-aryliminepyridine MY p .L n +] [NC"] q complex 
comprising a non- symmetrical ligand according to any one 

25 of Claims 1-5, wherein Y is a ligand which may insert an 
olefin; M is a metal atom selected from Fe or Co, NC" is 
a non- coordinating anion and p+q is 2 or 3, matching the 
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formal oxidation of said metal atom; L is a neutral Lewis 
donor molecule and n = 0, 1, or 2. 

8. A process for the production of alpha-olef ins, which 
comprises contacting one or more complexes according to 

5 Claim 6 with ethylene and a second compound which is 
capable of transferring an optionally substituted 
hydrocarbyl or hydride group to a metal atom M selected 
from Fe or Co, and which is also capable of abstracting 
an X" group from said metal atom, at a temperature in the 
10 range of -100°C to +300°C. 

9. A process for the production of alpha-olef ins , which 
comprises contacting one or more complexes according to 
Claim 6 with ethylene and a second compound which is 
capable of transferring an optionally substituted 

15 hydrocarbyl or hydride group to a metal atom M selected 
from Fe or Co, and a third compound which is capable of 
abstracting an X" group from said metal atom, at a 
temperature in the range of -100°C to +3 00°C. 

10. A process for the production of alpha-olef ins, 

20 comprising contacting one or more [bis-aryliminepyridine 

MYp-Ln*! [NC"]g complexes according to Claim 7 with 

ethylene at a temperature in the range of -100°C to 
+3 00°C. 
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Figure 1: Regression Analysis of 
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Figure 4: Regression Analysis of 
Experiment 4 
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Figure 5: Regression Analysis of 
Experiments 
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Figure 6: Regression Analysis of 
Experiment 6 
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